Urban water-logging disasters are induced by multiple causes, such as land use structure, limited capacity of drainage system, climate change and lack of enforcement. Significant increase of impervious surface area is the main cause of urban water-logging disaster in big cities like Beijing. This article takes Beijing "7.21" storm and New York hurricane "Sandy" as examples, and explains the cause of urban water-logging from the perspective of land use structure. In this study, the infiltration and retention capacity for various land use types and regional total retention storage capacity are analysed based on the Landsat TM satellite imagery of Beijing City and New York City in 2011. To estimate the impact of the land use structure, a comparison of retention capacity and runoff in two regions has been carried out using precipitation and runoff data. The results show that the significant increase of impervious surface decreases the retention capacity and becomes the main cause of urban water-logging disaster. Waters is a major factor in retention capacity, while green and cultivated land can enhance the retention effect. Reducing impervious surface, protecting waters and increasing green fields can be implemented in combination with other structural best management practice (BMPs) to control and prevent urban water-logging disaster.
Introduction
Urban waterlogging has been a prevalent problem that preoccupies many metropolitan cities in most countries. In China, urbanization exacerbates the urban water-logging which is an increasingly urgent problem. The "7.21" storm in Beijing brings attentions to urban water-logging disaster in 2012 (Li, 2012) . In USA, many issues emerged during and after Hurricane "Sandy" in 2012, such as extreme weather and urban water-logging (Abramson and Redlener, 2012; Greene et al., 2013) . Urban waterlogging has severe impacts on social life and local economy (Li, 2011; Li et al, 2016a; Ye et al., 2010) .
It caused direct economic losses about RMB 1358 million by Typhoon Matsa in 2005, which inundated more than 200 roads and 50,000 buildings in Shanghai, China (Yin et al., 2011) . In addition, 37 deaths and direct economic losses of RMB 1250 million caused by the urban waterlogging disaster in Jinan on July 18, 2007 (Cao and Lou, 2009 ). The two cities share the same latitude and lie on similar geographic situation which includes monsoon rainfall (exceedingly high compared with the rest seasons). Comparing the data from these two cities demonstrates how the land use structure could influence urban waterlogging disaster.
In order to control and prevent urban water-logging disaster, it is wise to find the causation (Li et al., 2016b) . Various causes result in water-logging disaster, such as land use structure, the limited capacity of drainage system, climate change and lack of enforcement (Ye et al., 2010) . Urbanization exacerbates the expansion of construction land and cement roads that lead to serious soil compaction and large area of impervious surface (Li, 2011; Quan et al., 2010; Wu et al., 2012) . Many small waters and depressions, such as reservoirs, ponds and lakes were reclaimed for buildings construction (Ye et al., 2010) . Green-roofs and rivers have powerful retention capacity (Wu et al., 2008) . However, the land use structure has changed significantly in the process of urbanization: the increasing construction land, flood and runoff volume, and impervious surface; the reduction of agriculture land, infiltration of rainwater, and the time of convergence for rainwater (Li et al., 2007; ; Savic et al., 2016; Yuan et al., 2003) . These changes reduced the capacity of natural storm water storage and regulation within the landscape, which could induce the urban water-logging disaster and result in severe damage to people's life and property. Taking Beijing City and New York City as study cases; this study describes and analyzes their land-use proportions combining with the precipitation data of Beijing "7.21" and New York hurricane "Sandy". And the total retention capacity and retention capacity of various land use types in these two cities were compared. The results show that the closed impervious surface exerts significant impact on urban water-logging.
Study area
Beijing is the national, political, economic and cultural center of China which is located in the northern of the North China Plain (39.9º N, 116.3º E) and has a permanent population of more than 12.02 million in 2011. The average elevation of Beijing is 43.5 meters. It has typical warm temperature with semi-humid continental monsoon climate, with 12.3 º C annual average temperature, and a 571 mm annual rainfall (the rainfall is mainly concentrated in June, July and August). The study area of Beijing includes the original Dongcheng district, Xicheng district, Chongwen district, Xuanwu district, Chaoyang district, Haidian district, Fengtai district and Shijingshan district. New York City is located in the southeast of New York State (40.72º N, 74º W) . By 2009, the population of New York City reaches 8.39 million. It has a subtropical humid climate with distinct seasons, an 11 º C annual average temperature and a 1091 mm annual precipitation. The study area of New York City includes Manhattan, Queens, Brooklyn, Bronx and Staten Island region.
Data source and methods

Data source
To quantitatively analyse the land use structure, Landsat 5 TM imagery (Landsat Thematic Mapper, 2007) of Beijing City and New York City are obtained. The raw imagery is processed by geometric correction, image enhancement, supervised classification and classification reprocessing through the remote sensing image processing system ENVI 4.4. The classification result is the land use structure data (Zheng et al., 2016) . Precipitation data was derived from the published data of local meteorological bureau including the heavy rain in Beijing "7.21" disaster (Beijing Statistics Bureau, 2013) and New York hurricane "Sandy" ( Blake et al, 2012) .
Method
Various land use structures lead to different regional flood retention capacity, which represent the regional soil storage and flood storage capacity of land use type after soil saturated. The soil storage is closely related to the effectiveness of soil moisture storage and depth (Wu et al., 2008) . This study calculated the retention capacity of various land use types based on the average water storage depth. Regional total retention is the sum of retention of various land use types. The calculation formula is (Eq. 1) (Wu et al., 2008) :
where W is the regional retention capacity (m 3 ), S i is the area of land use type (m 2 ), and h j is the average water storage depth of land use type (mm).
Results and discussion
Land use structure of Beijing and New York
This study classified the land use types of Beijing ( Fig. 1) and New York City (Fig. 2) ). Therefore, the land use classification accuracy is over 90%, and it is reliable. According to the soil properties, the primary topsoil is ash loess in the main districts of Beijing (China Soil Database, 2013 They accounted for 57.46%, 26.75%, 11.93% and 3.87% of the total land area, respectively. In New York City, the primary types of soil include sandy-loam, silt loam, and mixed production of clayloam (National Cooperative Soil, 2013).
Retention of different land use types and the regional total retention
The regional capability of flood retention was calculated as the capability of flood retention of various land use types under the ideal conditions. Limited by the data resource, it is difficult to obtain the accurate flooding control capacity for each type soils in two cities. Based on the flooding control capacity of soils in different compaction degrees, the very loose type soil has 194 mm flooding control capacity; the normal soil has 72 mm, while the soil with severe compactness, like construction land, has no flooding control capacity. And the soil types of green field and cultivated land in two cities are belonged to very loose soil and normal soil, as described above. Therefore, in this study, we assumed that the average flood control depth of cultivated land, green field, water area and construction land was 120 mm, 150 mm, 500 mm, and 0 mm, respectively.
According to the calculation equation (Eq. 1), the total capability of flood retention of Beijing was 67.53 million m 3 , which included the water area ). These land use types accounted for 85.85%, 11.45% and 2.7% of the regional total capability of flood retention, respectively.
Runoff analysis
Eliminating the influence of evaporation and other factors, the regional runoff was equal to rainfall subtracted the capability of flood retention (Eq. 2).
where: q is runoff (m 3 ), R is rainfall capacity, W is the regional retention capacity (m 3 ). The calculated regional total capability of flood retention was 67.5337 million m 3 , and the average rainfall was 215 mm. The runoff was 225 million m 3 on Beijing "7.21" disaster, which was equal to 165 mm water depth for the whole study area. The regional total capability of flood retention of New York City was 168 million m 3 and the average rainfall was 300 mm.
The runoff caused by hurricane "Sandy" was 155.71 million m 3 , which was equal to 145 mm water depth for the whole study area. Even if urban drainage is excellent enough, heavy rain is unable to be drained out quickly and timely, which results in urban water-logging disaster (Table 3) .
Analysis of factors for prevention and mitigation of urban water-logging
Beijing "7.21" rainstorm event and New York hurricane "Sandy" caused serious urban waterlogging, leading to significant casualties and property losses. Urban drainage system plays an important role in preventing and mitigating urban waterlogging. With the development of urbanization, construction land is the biggest element in Beijing City (68.13%) and New York City (57.46%). Unfortunately, construction land failed to benefit the flood retention. Therefore, it is critical to plan urban land use structure reasonably. Water area has the largest retention capacity in the regional total capability of flood retention. In Beijing, water area accounted for 1.08% of the total land area and the retention capacity of waters accounted for 10.81% of total regional retention capacity. In the New York region, water area accounted for 26.75% of the total land area and the retention capacity of waters accounted for 85.85% of total regional retention capacity. Because of the inadequate retention capability of water area in Beijing, the green field plays a great role on the retention capability, which take up 24.18% of the total land area and takes 73.18% of the total retention capability in Beijing. On the contrary, only 11% of the total retention capabilities are taken on by the grass land in New York. In both cities, the cultivated land can play a supplementary role in retention. The percentage of water area determined the regional capability of flood retention to some extent. We should admit that urbanization progress reduces the flood retention capacity due to the reduction of water area and green field. The expansion of construction land is more likely to increase the likelihood of urban waterlogging disaster. To decrease the possibilities of urban water-logging, we should focus on both future development and immediate interests.
Conclusions
There is an urgent need to explore the risk of urban waterlogging disaster caused by natural and socio-economic impacts. This study aims to explore the causation of urban water-logging from the perspective of land use structure by comparing Beijing "7.21" rainstorm event with New York hurricane "Sandy". Both cities have high level of urbanization and high population density. They are in the similar latitudes, climates, and geographical conditions and close to the west shore of the sea.
In 2012, both cities suffered heavy rainfall events. The precipitation data in both cities are roughly equal to each other. That's the reason why we chose these two cities as study cases in this paper. Flood retention capacity is hard to be directly observed. Some areas are prone to have storm disasters, which cause severe damage and casualties for some of the cities. However, it is observed that in other cities the damage is less and the recovery is faster. Therefore, we employed the comparing method in this paper to discover the impact of land use structure on the local urban water-logging. The effect of waters on flood retention capacity is similar to a few previous studies about other cases, but the comparative analysis is more direct and easy to reveal the causation and the approximate extent of impact.
In this paper, construction land is the main land use type in Beijing and New York which has no contribution to the capability of flood retention.
Water area plays a significant role in the flood retention capacity which only accounts for 1.08% of the total land area in Beijing and 26.75% in New York. It is one of the main causes of the difference on the flood retention capacity between two cities.
The green field in Beijing and the water area in New York City are the main contributions to each area's regional retention capacity.
The average precipitation in Beijing "7.21" rainstorm event is smaller than that in New York hurricane "Sandy". But the average runoff of New York City (145mm) is lower than Beijing (165mm).
It is easy to see the notable impact of land use on the urban flood retention capacity. Reasonable land use structure has positive effects on the prevention and mitigation of urban water-logging disasters. In the process of land use planning, the area of construction land should be controlled strictly, the area of urban hardening ground and the closed surface land should be reduced and certain water area and other land use types that can storage flood should be increased.
